THE ACOUSTICAL FLOW SENSOR
The starting point of the investigation is the micro liquid flow sensor [l] . This sensor consists of three resistors located in the middle of a channel (Fig. 1) . The two outermost resistors are used as sensors, while the resistor located in the middle is used as a heater. The dimensions of the sensor are in hundreds of micrometers. An applied flow causes a difference in temperature between the upstream and downstream sensors. The change of resistance in both resistors can be measured and leads to an electrical output proportional to the applied flow. While the displacement of the heated gas is measured, the sensitivity is reversely proportional, to the frequency. For low frequencies the dynamic model will converge to the (quasi-) static flow sensor model. In contrast with the model of the static flow sensor [l] , in which the gas flow transports the generated heat out of the system, there is no net heat transport in the model of the dynamic flow sensor. 
ACOUSTICAL THEORY
The acoustical domain can be described with two physical quantities, pressure and volume flow. However in the field of acoustics the particle velocity is used instead of the volume flow. The particle velocity is defined as the volume flow divided by the surface in which the wave propagates.
The ratio of the pressure and the particle velocity is the specific acoustic impedance [2] . The specific acoustic impedance for a number of typical cases is discussed below:
The specific acoustic impedance of open air is given by [2 J :
. a Another case is a short tube with on one side an acoustical source and on the other a stiff, reflecting wall.
The acoustic impedance in the tube in the longitudinal axis is dependent on both frequency and position [2] .
The third environment is a tube of an infinite length. In practice the length will be finite but it can still be used if the measurement takes place before the first reflection reaches the measuring point. The specific acoustic impedance of an infinite tube is [4] : (2) z, = p . c
In order to calibrate the p-flown, it has to be remembered that this is a new device, so a reference p-flown is not available. The solution of this problem has been found in using a reference pressure microphone and eq. (2). This impedance is independent of position and frequency which makes it well suited for transferfbnction measurements.
The last definition we like to present here is the intensity. Intensity equals the product of the pressure and the particle velocity. Therefore it is a vector and related with the propagation of the power incorporated in an acoustic wave. This effect is neglected here. In order to make a plane wave approximation, the viscous boundary layers should be thin [7] :
where v represents the kinematic viscosity of air. Because of the finite length of a tube and the reflections at the end, the lowest frequency which can be measured is:
where is 1 the length of the tube.
MEASURING ELECTRONICS "THE WHEATSTONE GADGET"
The Gadget is a new type of circuit especially designed to measure the small resistor variations of the p-flown (Fig. 2) . 
MEASUREMENTS
Measurements of the described acoustical phenomena have been performed with the p-flown in combination with a conventional pressure microphone. The experimental setup consists of a 20-meter-long tube in which the p-flown and a reference microphone are mounted. By generating a burst and measuring within a specific timespan, the influence of reflections can be avoided. In an acoustical wave a pressure wave and a flow wave are inextricably related. In Fig. 4 and Fig. 5 is shown how the pressure and flow are altered after reflection. The first bursts are generated by forward propagating waves while the second bursts are generated by backward propagating waves. Another good example of what is possible with the combination of microphone and p-flown is shown in Fig. 6 : while the intensity of the forward propagating wave is positive the intensity of the backward propagating wave is negative. The sensitivity, i.e. the ratio of the output voltage and the applied particle velocity, of the pgown is shown in Fig. 7 . The acoustical impedance is pcw448 kg/m2s thus a pressure of 60 BSPL, which equals 0.02 Pa, will result in a particle flow of 45 p d s . A different setup is used in the next measurement: a 40-meter-long tube with a loudspeaker in each end (Fig. 8) . 
Fig. IO: Various microflown con$gurations.
It is possible to create a microflown with only two sensors, both heated by a current. This type of p-$own has two fundamental advantages: the structure is simplified and measurements with a larger current gives a larger sensitivity to the applied acoustical flow. Furthermore only one sensor with a heater appears to perform. It is basically a hot-wire anemometer [3] the fact that the output increases with the applied heater current and the possibility, in contrast with the hot-wire anemometer, to detect the direction of the flow (Fig. 11) . The characteristic double frequency of a hot-wire anemometer vanishes with the increasing heater current. Table 1 . 
0.08% APPLICATIONS
The combination a dynamic flow sensor and a pressure sensor opens up a range of possible applications. With this setup it is possible to perform an analysis of the direction of energy in both gases and liquids (Fig. 6) . By subtracting and adding the adjusted signals of a p--own and pressure microphone one can derive a stereo signal measured from one point. Another application is the measurement of the impedance in a system filled with liquid or gas, which gives information about the density and viscosity. Finally, a complete different application may be the use of a p-flown as a feedback sensor in a loudspeaker system.
CONCLUSIONS
We have developed a small and easy-to-operate dynamic flow sensor, the p-flown. When using, one has to take into account the llf behaviour. A significant improvement of the sensitivity of the complete device is to be expected from the combination of the p-flown and the Wheatstone Gadget, when used in other configurations. The p--own makes it possible to measure the particleflow of an acoustic wave. In combination with a microphone it is possible to determine the propagation direction of an acoustical wave.
FURTHERRESEARCH
Our priority is to develop a more detailed analytical model, and to gain more insight into the temperature distribution.
Finite element simulations will also be done. With this insight it should be possible to design a more optimal p--own with regard to the transfer function (increasing A m ) . So far we only have investigated the constant power principle; next we are going to investigate the constant temperature principle.
